Signal transduction by nitric oxide in cellular stress responses.
Nitric oxide (NO) has received wide attention as a biological signaling molecule that uses cyclic GMP as a cellular second messenger. Other work has supported roles for cysteine oxidation or nitrosylation as signaling events. Recent studies in bacteria and mammalian cells now point to the existence of at least two other pathways independent of cGMP. For the E. coli SoxR protein, signaling occurs by nitrosylation of its binuclear iron-sulfur clusters, a reaction that is unprecedented in gene activation. In intact cells, these nitrosylated centers are very rapidly replaced by unmodified iron-sulfur clusters, a result that points to the existence of an active repair pathway for this type of protein damage. Exposure of mammalian cells to NO elicits an adaptive resistance that confers elevated resistance of the cells to higher levels of NO. This resistance in many cell types involves the important defense protein heme oxygenase 1, although the mechanism by which this enzyme mediates NO resistance remains unknown. Induction of heme oxygenase in some cell types occurs through the stabilization of its mRNA. NO-induced stabilization of mRNA is mediated by pre-existing proteins and points to the existence of an important new signaling pathway that counteracts the damage and stress exerted by this free radical.